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Abstract Rotation of the femoral component in total knee
arthroplasty (TKA) is of high importance in respect of the
balancing of the knee and the patellofemoral joint. Though it
isshownthatcomputerassistedsurgery(CAOS)improvesthe
anteroposterior (AP) alignment in TKA, it is still unknown
whether navigation helps in finding the accurate rotation or
even improving rotation. Therefore the aim of our study was
to evaluate the postoperative femoral component rotation on
computedtomography(CT)withtheintraoperativedataofthe
navigation system. In 20 navigated TKAs the difference
between the intraoperative stored rotation data of the femoral
component and the postoperative rotation on CT was
measured using the condylar twist angle (CTA). This is the
angle between the epicondylar axis and the posterior condylar
axis. Statistical analysis consisted of the intraclass correlation
coefficient (ICC) and Bland-Altman plot. The mean intra-
operative rotation CTA based on CAOS was 3.5°
(range 2.4–8.6°). The postoperative CT scan showed a mean
CTA of 4.0° (1.7–7.2). The ICC between the two observers
was 0.81, and within observers this was 0.84 and 0.82,
respectively. However, the ICC of the CAOS CTAversus the
postoperative CT CTAwas only0.38. Though CAOS isbeing
used for optimising the position of a TKA, this study shows
that the (virtual) individual rotational position of the femoral
component using a CAOS system is significantly different
from the position on a postoperative CTscan.
Introduction
Total knee arthroplasty (TKA) malalignment is related to an
unsatisfactory outcome, including patella maltracking,
anterior knee pain, flexion instability and early loosening
[24]. Furthermore, inadequate positioning particularly of
the femoral component is a common indication for revision
[2, 8]. Using the conventional and bony reference point
methods, rotation of the femoral component can be
determined intraoperatively by the use of the transepicon-
dylar line, the posterior condylar line and/or the Whiteside
line [5, 23].
With the need for more accurate alignment as an
important outcome determinant in TKA, prosthesis posi-
tioning has been facilitated in recent years by computer
assisted orthopaedic surgery (CAOS).
The (intraoperative) value of CAOS on coronal plane
alignment of knee prostheses has been discussed in
literature [27]. Some showed improved alignment using
CAOS [12, 21, 22, 26], while others showed little
difference in alignment [3, 31] and no significantly better
results during follow-up [16]. The reason for the differences
are both surgical and related to the intraoperative navigation
using predetermined anatomical landmarks; furthermore,
the CAOS software program may be relevant. In CAOS,
the planned rotational position of the components can be
determined using the transepicondylar, the posterior con-
dylar and the Whiteside line.
Although the CAOS systems have been developed in an
attempt to align implants more accurately and more
consistently, it is unknown if navigation systems improve
the accuracy of femoral rotational alignment as compared to
the traditional techniques using mechanical guiding devices
[10, 11, 28]. Whether the intraoperative positions of the
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reflect the actual position of the knee prosthesis has not been
evaluated.
The goal of this study was to determine the validity of
the intraoperative CAOS position of knee prostheses
compared to the postoperative rotational position of the
knee prosthesis using a postoperative CT scan evaluation
method [7, 15].
Materials and methods
Twenty imageless navigated total knee arthroplasties were
performed at the department of orthopaedic surgery at the
Leiden University Medical Centre. In a former study by Van
Strien et al. [31], the CAOS system was evaluated using
postoperative radiographs and CTscans as well as RSA. The
protocol was approved by the institutional medical ethics
committee. All patients gave informed consent.
The average age was 69 years (SD 9 years). The group
consisted of eight male and 12 female patients. Fourteen of
these 20 patients had primary osteoarthritis of the knee. Five
patients had secondary osteoarthritis due to rheumatoid
arthritis and one secondary to haemophilia. In 11 patients
the left knee was operated upon, in nine the right knee. In all
patientsaNexGenLPSflexprosthesis(ZimmerInc.,Warsaw)
was implanted.
The Vector Vision CT free computer navigation system,
software version 1.6 (BrainLAB, Feldkirchen, Germany)
was used in all operations. Before identification of the bone
and rotational centres of the leg and knee, the surgeon
chooses in the software which reference axis will be used
for determining the correct rotational position of the
femoral component. These reference axes in the BrainLAB
system are the epicondylar line, the posterior condylar line
or the Whitesides line [32].
During surgery, anatomical landmarks are used to build a
virtual image of the tibia and femur in the Brainlab system.
After attaching reference markers to the tibia and femur, hip
rotations are made to determine centre of rotation of the hip.
The intraoperative femoral anatomical registration points are:
the most prominent points of the medial and lateral
epicondyles, the anterior sulcus (Whitesides line), the femoral
mechanical axis, a cloud of points of the anterior distal femur
and a cloud of points of the posterior condyles.
After localisation of the landmarks is completed, the
software calculates the ideal position of the femoral and tibial
component based on the anatomical data input of axes and
surfaces (i.e. femur and tibia). With respect to the rotation
reference axes, the system uses one of the preoperative
selected axes (in this study the epicondylar axis); it does not
take into account all three axes. However, the CAOS software
displaysthe displacementofthe component withrespect toall
three axes on the screen (Fig. 1). Thus data is available for
off-line analysis.
The definite femoral component was positioned as
proposed by the navigation system, being the optimal CAOS
femoral position. In these 20 cases we did not adjust the
rotation as suggested by the navigation system. The anterior
cut was verified with a plane-verifying marker tree after the
bone cut so that there was no change in rotation caused by the
saw blade. This plane was then stored in the Brainlab system
(Fig. 2). Thus the postoperative measured bone cut along the
femoral component is the same as made intraoperatively.
The postoperative multi-slice CT scan was made
between six weeks and three months after the operation,
according to a standard protocol. Based on availability,
either a 16-slice (nine patients) or 64-slice (11 patients)
machine was used (Aquilion, Toshiba, Otawara, Japan).
CT protocols were developed based on recommendations
by the BrainLAB company. For 16-slice CT, scanning
p a r a m e t e r sw e r eb e a mc o l l i m a t i o n1 6x1m ma n dp i t c h
0.938; images were reconstructed using a medium-
smooth kernel with 1-mm slice thickness and 1-mm
reconstruction index. For 64-slice CT, scanning parame-
ters were beam collimation 64×0.5 mm and pitch 0.828;
images were reconstructed using a standard kernel with
1-mm slice thickness and 1-mm reconstruction index.
Postoperative CT images were interactively viewed on a
workstation (Vitrea2, Vital Images, Minnetonka, MN,
USA) using an extended window scale (16-bit deep, up
to a window width and level of 65,500). Therefore, no
dedicated metal artefact reduction filtering techniques
were needed.
Thin-slice (1-2 mm) images of the distal femur were
used to measure the postoperative rotational axes.
The senior author (RN) performed all the operations and
was not involved in the postoperative measurements of
component position. We used the condylar twist angle
(CTA) to measure the rotational position of the femoral
Fig. 1 Screenshot of the CAOS system with intraoperative data
showing the deviation of the planned femoral component position
compared to the rotational axis
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and the posterior condylar axis. This epicondylar line was
drawn between the most prominent point of the medial
epicondyle and the most prominent point of the lateral
condyle of the distal femur. The most prominent point of
the medial epicondyle which is required for the CTA is
easier to identify than the medial sulcus which is required
for the posterior condylar angle. Both are registered at the
same time during the navigation registration process. The
posterior condylar line was drawn along the posterior
femoral cut (i.e. the inner border of the metal posterior
condyles of the femoral component). At the CT scan viewer
(Sectra workstation) two points were identified at the
medial and lateral epicondyles for angle measurement
(CTA). These points were marked at the CT workstation
and were thus visible at the different CT slices (Fig. 3).
Therefore, the angle between the medial and lateral
epicondyle could be measured accurately without recon-
structing a thick slice to visualise both most prominent
epicondylar points at the same time.
TheCTAwasindependentlymeasuredbytwoobservers,at
two separate time intervals two weeks apart. The observers
were blinded for the intraoperative measured rotation.
These measurements were compared to the intraoperative
registered rotation of the femoral component; the latter is
stored in a therapy report by the CAOS system. This report is
an overview of all registered femoral and tibial points, which
are needed to register the specific morphology of both tibia
and femur as well as the centre of the hip joint and the ankle
joint. Furthermore, this report saves, during the several steps
of the COAS procedure, final steps after bone cuts have been
made (i.e. tibial cut, femoral bone cuts).
Statistical analysis was performed using repeated mea-
sure analysis (ANOVA). The intraclass correlations were
calculated for the CT measurements for the different
observers. The epicondylar axis which was obtained from
the CAOS system was compared to the CT measurements
of the femoral component using an intraclass correlation
coefficient.
Limits of agreement were obtained for the different
comparison according to Bland and Altman [6], a graphical
tool to measure agreement between two methods. The
interpretation of the ICC is similar to that of the Cohen’s
Kappa, such that ICC=0.40–0.59 is moderate interobserver
reliability, 0.60–0.79 substantial and 0.80 outstanding [17].
For statistical analysis, SPSS 16.0 was used and the level of
significance was set as 0.05.
Results
The rotational alignment of the femoral component was
expressed with the CTA. The rotational alignment of the
femoral component which was saved in the registry report
of the CAOS system was 3.5° (range 2.4–9.6°). In none of
the knee prostheses was a cement layer of more than 1 mm
detected at the lateral radiograph on the anterior, posterior
and/or distal cut.
The mean CTA measured on the postoperative CT scan
was 4.0° (range 1.7–7.2°) for observer 1 and 4.4° (range
1.2–9.9, SD 1.5) for observer 2.
The measured CTA on the CT scan showed an intraclass
correlation of 0.81 (p<001) between the two observers. The
intraclass correlation coefficient for differences within the
observers was 0.84 and 0.82 (p<0.001), respectively.
However, when we compared the angles obtained from
the CAOS navigation system with the CTA measurements
by both observers on the postoperative CT scans, we found
an intraclass correlation of only 0.38 (p=0.15).
In Fig. 4 a histogram shows the difference between the
CAOS and the postoperative CT scans. From this histogram
Fig. 3 Postoperative computed tomography (CT) example showing
the measured condylar twist angle (CTA)
Fig. 2 Screenshot of the CAOS system showing intraoperative
information on the actual femoral cut
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80% between −3 and 3°. The Bland-Altman plot (Fig. 5)
shows no monotonic drift between the two measurements
nor a systematic increase in error related to the value of the
measurement. The 95% limits of agreement were −4.3 to
5.7°; thus, not only no correlation between CAOS and CT
position could be found, but the differences between the
two values were also relatively large.
Discussion
The intraoperative position of the femoral component of the
knee prosthesis, as determined by the CAOS system, differs
from the actual position of the knee prosthesis as measured
on a postoperative CT scan. This difference between the
intraoperative rotation registered by the navigation system
and the actual postoperative CT position has not been
published before. Accurate positioning of the components
in TKA is very important. The rotation of the femoral
component especially influences the final outcome due to
its role in flexion stability, kinematics and patellar tracking.
The use of navigation in TKA showed more accurate AP
alignment; however, little is known about the effect of
CAOS navigation systems on rotational alignment [19].
Furthermore, little is known about whether the intraoper-
ative knee component angles are indicative for the actual
postoperative component positions. Therefore, the purpose
of this study was to evaluate the difference between this
intraoperative computer guided femoral rotational align-
ment with the actual postoperative femoral position,
measured using CT scans.
Sofar,onlyHanetal.performedastudyonrotationandthe
use of navigation [14]. They found no difference in rotational
alignment between CAOS and conventional placement of the
femoral component. However, they used a Mann-Whitney
U-test to compare the groups, and this test only analyses the
mean and standard deviation of the two groups and not the
agreement. We used an intraclass correlation coefficient in
which the agreement is more important than the mean value
of the two groups. Furthermore, in their patients treated with
the conventional technique, the PCA was used, and in the
navigation group a combination of the epicondylar axis and
the flexion gap with the use of laminar spreaders was used;
thus, two different techniques were applied.
Fig. 4 Histogram shows the measured difference in rotation (CTA) of
the femoral component between the intraoperative data and the
postoperative computed tomography (CT)
Fig. 5 Bland-Altman plot
shows the difference between
intra- and postoperative
computed tomography (CT)
data against the average of
the intra- and postoperative
measurement values for each
sample. The middle line is the
mean difference and the two
extreme lines are the +2 and −2
standard deviations
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toa maximum of 5° with respect to the posterior condylarline
or 0° placement with respect to the transepicondylar line is
considered an optimal femoral component position [1, 18]. In
this study, the mean intraoperative rotation of the femoral
component was 3.5° according to the navigation software,
and the mean postoperative rotation measured on CT was
4.2°. Taking this into account, as well as the mean rotational
positions at first sight, suggests that there was no significant
difference between the intraoperative data and the
postoperative situation. However, comparison of each
single measurement showed no correlation. Besides,
there was still a considerable range of the measurements
(2.4–9.6°) in this group of navigated TKAs.
There are several factors that could cause the difference
between the intraoperative registered position and the
definite postoperative measured position of the femoral
component. These can be related to the navigation system,
the intraoperative events after the bone cuts have been
made and factors related to CT measurement errors.
With respect to the CAOS system, errors can occur
during registration and during surgery by, for example,
displacement of the markers. To achieve a precise rotational
position, the determination of the epicondylar axis, poste-
rior condylar line and Whiteside’s line is crucial. Whilst
many opinions are expressed in the literature as to which
axes are the most reliable and/or show the least intra-/
inter-observer variability, neither one seems to be
superior [25]. This supports our finding that CAOS
provides information though does not replace clinical
judgement. Benjamin et al. [4] compared the different axes
and showed that the posterior condylar axis matched
within 1° in 64% of the patients in contrast to epicondylar
(32%) and Whitesides line (26%). In this navigation
module, the planned position of the femoral component
was based on the epicondylar axis
Yau et al. [33] also stated that landmark referencing of
the axes shows variation because of intraobserver errors
and anatomical differences, and thereby leads to variation
of the navigation planned implant positioning. This
variation is, for example, described for the epicondylar
axis. A systematic error of 3° was found using the same
navigation module by Van der Linden et al. [30]. Several
authors [13, 20] concluded that, because of this problem,
preoperative CT scanning is a more appropriate method
because of the fact that using computer navigation, rotation
is still based on a controversial intraoperative identification
of the axes. Also, averaging the different alignment axes
will not solve this problem. This was studied by Siston
[25]; it will reduce the number of rotational alignment
outliers, but they are still present.
To measure the postoperative position of the femoral
component we used computed tomography. The most
prominent point of the medial epicondyle is required for
the CTA. This is much more easily identifiable than the
medial sulcus which is required for the posterior condylar
angle [29]. By measurement of the ICC within and between
the observers, which was 0.84 and 0.82, respectively, it is
shown that the measurements using CT had very good
reproducibility.
Prosthesis placement might be changed after the bone
cuts have been made due to small cement layers. To
measure this alignment deviation caused by standard
impaction of the components following bone resections,
Catani et al. [9] measured the alignment of the bone
resections during surgery. The alignment measure was
repeated after final tibial and femoral component implan-
tation with cement. The alignment deviation was >1° in the
frontal plane of the femur in 20%. However, the rotational
position was not evaluated and the influence of the
thickness of the cement layer on femoral component
position is therefore still unknown. Thus, the positioning
of the components in total knee arthroplasty, which mainly
involves cementation and impaction of the final components,
can introduce an error in alignment, regardless of how
accurately the resection planes are made.
In conclusion, the intraoperative CAOS measured
rotation of the femoral component differs from the
postoperative CT measured position and is therefore not
reliable as an absolute value. CAOS can probably help to
achieve the optimal position of the femoral component but
continuous improvement in methods to accurately identify
the rotational position and establish the ideal rotation of the
components in total knee arthroplasty is still needed.
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